LEFT VENTRICULAR ANEURYSM is one of the complications of acute myocardial infarction that is frequently considered for surgical treatment.' The accepted indications for surgery include congestive heart failure, systemic embolization. persistent arrhythmias, and angina. Since the first description of surgical resection of an aneurysm by Bailey in 1955, numerous reports have indicated a low operative mortality rate and improved survival.2'-7 However, previous studies have been uncontrolled and have compared the outcome of surgically treated patients with historically remote reports of medical therapy. As we have previously shown, the prognosis of medically treated patients with angiographically defined anuerysm is sig-
nificantly better than that described in the early reports raising questions concerning the role of surgery in patients with left ventricular aneurysm."' Therefore we examined the registry of the Coronary Artery Surgery Study (CASS) to investigate whether surgery benefits patients with angiographically defined left ventricular aneurysm.
Methods
The CASS is a multicenter prospective randomized trial consisting of 15 ally older and men predominated in both groups. As expected, the majority of patients had suffered a prior myocardial infarction. Important differences in anginal class were evident, with 37% of the medical group having severe angina (class >3) compared with 59% of the surgical group. Three-vessel or left main coronary disease was more prevalent in the surgical group (60%) compared with the medical group (34%; p < .001). Importantly, the number of patients with congestive heart failure as measured by score of 3 to angina, the group undergoing resection had significantly less severe coronary artery disease than the group not undergoing resection. In addition, the resection group had more severe left ventricular dysfunction as shown by a left ventricular score of greater than 12 in 92%. Likewise, a large aneurysm and severe congestive heart failure were more common in the resection group. These differences most likely reflect the various indications for surgery. One factor that may have influenced the use of left ventricular resection was the relief of congestive heart failure, whereas bypass surgery might have been done alone when relief of angina was the primary goal. The overall operative mortality was 7.9%. The operative mortality for bypass alone was 7% (16/229) and that for coronary artery surgery plus resection was 9% (21/203) (NS). A multivariate discriminant analysis of all surgically treated patients identified the duration of chest pain, functional limitation because of congestive heart failure, and the surgical priority (emergency, urgent, or elective surgery) to be predictive of operative mortality. Of note is that left ventricular resection again did not influence the operative risk.
Surgical vs medical therapy. The 6 year cumulative survival rate for the 664 medically treated patients was 67%, which compared favorably to the survival at 6 years for the 467 surgically treated patients (69%).
Because major differences in baseline characteristics were present, a Cox survival analysis and selected stratified life-table analyses were performed. Of the 36 clinical and angiographic variables, including "surgical therapy," eight were found to significantly influence outcome by the Cox survival analysis (table 3) . Those factors related to a worse outcome were a higher congestive heart failure score, a longer duration of chest pain before enrollment, a greater number of diseased coronary arteries, a higher left ventricular end-diastolic pressure at catheterization, older age, prior cardiac surgery, the presence of mitral regurgitation, and history of a prior myocardial infarction (all p < .0003). Thus, when the baseline differences in selected variables between medically and surgically treated patients were accounted for by this method, overall there was a significant improvement in survival associated with surgical therapy.
To verify the independent effect of coronary bypass surgery on survival, the survival rates for medically and surgically treated patients were compared after adjustment for selected variables by the stratified lifetable method. Results of this analysis showed that in patients with single-or double-vessel disease, survival rates were similar for medically and surgically treated patients. However, in patients with three-vessel disease, surgery resulted in improved survival at 6 years (62% vs 47%; p < .001) (figure 1).
The improvement in surgical survival is apparently restricted to patients in high-risk categories (figure 1). The five variables and weights estimated by the Cox analyses (congestive heart failure score, time since first chest pain, number of vessels diseased, left ventricular end-diastolic pressure, and age) were used to construct a general risk index (Appendix 3). These five were chosen because they accounted for the majority of the mortality as determined by the Cox analyses. The index was used to categorize patients into sub- ed and 26% of the surgically treated patients had retired, whereas the majority showed no change in their .001) (table 4), although the surgically treated patients were more symptomatic at entry (59% vs 37%). Only a minority of patients in both the medical and surgical groups had symptoms of congestive heart failure at baseline and during follow-up little change occurred. The use of long-acting nitrates was discontinued in 38% and /3-blockers in 30% of surgically treated patients compared with only 18% and 12% of medically treated patients (p < .001). Similarly, therapy with digitalis and diuretics was more likely to be discontinued in the surgical group compared with the medical group.
The overall incidence of rehospitalization (expressed as number of hospitalizations per 1000 persondays of exposure) for cardiac reasons was similar in both groups (table 3) . However, medically treated patients were readmitted for angina at a higher rate than surgically treated patients, whereas the opposite was seen for symptoms of congestive heart failure. The incidences of nonfatal myocardial infarction and stroke were low and not different between the groups. Despite improvement in angina and reduction in the use of cardiac medication, no Of the 1 131 patients with a left ventricular aneurysm determined by angiography at the time of entry into the study, 467 patients underwent cardiac surgery. Because the study was not randomized, it is not surprising that the surgically treated patients had more severe angina and more extensive coronary artery disease than those treated with medical therapy. However, there was no significant difference in the degree of congestive heart failure or left ventricular dysfuaction. Although we have no direct knowledge of the primary indication for surgery, the high prevalence of disabling angina in the surgically treated patients (63%) and the equal prevalence of congestive heart failure and infrequent use of antiarrhythmic medication (19%) suggest Although some reports have not shown a significant relationship between the number of diseased coronary vessels and mortality," the results of this study are in only partial agreement with the recent study by Cosgrove and Loop.'2 These authors found a significant difference in survival in patients with single-, double-, and triple-vessel disease, whereas in this study, only patients with triple-vessel disease showed an advantage in survival. The primary limitation of these previous reports is the lack of a comparable control population of patients with aneurysm who did not receive surgical therapy. As we have previously shown, the survival of medically treated patients is considerably better than previously reported.'8 Despite these improvements in medical therapy, the results of our study suggest that coronary bypass surgery further reduces mortality as well as morbidity in patients with left ventricular aneurysm. The beneficial effect of surgery on mortality occurred primarily in patients with threevessel coronary artery disease or in those patients who fell into the middle-and high-risk subgroups.
Although surgery had a favorable influence on survival, analysis of the cause of death in both groups did not reveal a mechanism for this improved survival. In both groups, cardiovascular causes of death predominated, with the incidences of death due to myocardial infarction and sudden death being equal.
Of particular importance in the management of these patients is the value of left ventricular resection in addition to coronary artery bypass surgery. Earlier studies have shown a high mortality for left ventricular resection or aneurysmectomy. This study and others would indicate that operative risk is not adversely affected by myocardial resection. Although it might be expected that the decrease in heart size and elimination of a noncontractile portion of the ventricle would improve overall left ventricular function and therefore subsequent mortality, we could not determine any influence of left ventricular resection on survival. It has been reported that the function of the nonaneurysmal portion of the left ventricle is predictive of outcome, 15 -17 yet in our study neither left ventricular score nor residual left ventricular score (an index of the function of the nonaneurysmal portion of the left ventricle) related to outcome when all variables were considered. However, the decision to remove the aneurysm was made by the surgeon, and important differences discovered at surgery could have influenced the decision to resect the aneurysm. Because these data were not available, we cannot be certain that the two groups are similar.
Relief of symptoms and improvement in the quality of life are primary goals of therapy. As a group, the surgically treated patients showed a greater reduction in angina during follow-up. Forty-five percent of the surgically treated patients were improved at 6 years compared with only 21% of the medically treated patients. Although surgery reduced the number of subsequent hospital admissions for angina, it had no impact on the overall hospitalization rate or on that for myocardial infarction. Similarly. surgery did not alter the incidence nor the severity of symptoms of congestive heart failure during the follow-up period. A separate analysis of the surgically treated patients alone indicated that patients with left ventricular resection had a greater improvement in symptoms of congestive heart failure during follow-up. This may have been attributable to more aggressive medical therapy as evidenced by a higher rehospitalization rate in this group. However, it seems more likely that left ventricular resection had a positive influence. Although stroke volume and ejection fration are often not improved after aneurysmectomy, Stephens et al. 14 reported a significant reduction in mean left ventricular filling pressure at rest and during exercise. This may translate into a reduction in dyspnea in some patients. It is of note that the incidence of stroke was very low in both surgically and medically treated patients (<1%/year) despite the infrequent use of anticoagulants. This would support the findings of Simpson et al., 9 who also reported a low incidence of emboli after left ventricular resection and recommended that patients not routinely be anticoagulated.
Although surgery reduced the incidence of angina and the use of cardiac medications, it did not have any significant effect on the rate of return to work. The latter finding is in disagreement with the findings of Crosby et al. ,23 who reported an increase in full-time employment (33% to 63%) postoperatively. An explanation for this discrepancy is not readily apparent but may involve a number of socioeconomic factors not analyzed in our study.
The findings of this prospective observational multicenter study support the use of coronary bypass surgery with and without left ventricular resection as a therapy for patients with left ventricular aneurysm. The value of surgery in prolonging life appears to occur in moderate-to high-risk patients. Surgery was also effective in relieving angina and in reducing the number of hospitalizations for angina. In addition, left ventricular resection was associated with a reduction in subsequent symptoms of congestive heart failure. This study has all the limitations of a retrospective analysis of a nonrandomized population derived from multiple clinical centers and relies on the validity of accepted statistical techniques to adjust for the observed inequalities between patient grops. Omission of important clinical or angiograpic features in the analysis could potentially bias the results, although the large number of patients, variables, and clinical sites makes this less likely. Given these limitations, this study supports the continued use of cardiac surgery in symptomatic patients with left ventricular aneurysm. 
